Objective: To investigate the age at menarche, pubarche and telarche in a representative sample of residents of an urban zone of Leon, Guanajuato, Central Mexico and to evaluate the secular change of the age at menarche between 1985 and 2000. Methods: Using status quo and retrospective methods, menarcheal, pubarcheal and telarcheal status of girls 8 -17 years of age (n = 1093) were determined. Multiple regression analysis and logistic regression were used to determine factors that were related to or predictive of age at menarche. Results: Median ages for menarche, pubarche and telarche in our studied sample were: 11.9 ± 0.04; 11.13 ± 1.25 and 10.84 ± 1.34 years, respectively. A direct correlation was found between the age at menarche of adolescents and that of their mothers (p < 0.001) and sisters (p < 0. 
Introduction
Recently, there have been many reports demonstrating a secular tendency toward an early onset of puberty and menarche [1] - [4] . In 1962, Tanner reported that the age at menarche diminished four months per decade [5] . British and American trials also clearly show the same tendency, by comparing the mean age at menarche reported in 1840 at 16.5 years with the mean age for the last decade, 13 years [6] . However, considering data from the last 50 years, such tendencies no longer appear significant in other European countries (Iceland, Poland, Italy and Sweden) [6] . Data from third world countries around the world (India, Dominican Republic, Mali and Cameroon) [7] - [11] , showed the same tendency toward a younger onset of puberty as was found in the United States and England. After considering these international findings, we decided to investigate the age at menarche, pubarche and telarche in a representative sample of Mexican girls and to analyze these data in conjunction with anthropometrical variables, age at menarche of mothers and sisters, regular exercise, emotional stress, and other factors to ascertain if any of them are predictors of the age of the onset of puberty.
Methods

Sampling
This study was conducted in local elementary schools and therefore was approved by the Secretary of Public Education of Leon, Guanajuato, Mexico. The protocol was also approved by the Committee of Bioethics from our institution, and was conducted according to the Declaration of Helsinki. Once the objectives of the study were explained to the authorities of each school selected for the study, meetings were held with the girls and then with their parents to explain the objectives of the study and request their consent to participate in it. The girls should provide a signed consent form by their parents or legal guardians who authorized the participation of their daughters in the study. In the study were included just those girls who voluntarily agreed to participate in the study and whose parents gave the written consent for their daughters to be evaluated. We performed a random sampling of elementary schools from within the urban zone of the city of Leon Guanajuato, Mexico, and selected 19 schools. We took subjects from high, middle, and low socio-economic backgrounds.
Anthropometrical Evaluation
Body weight was measured to an accuracy of 0.1 kg (weight), and height was measured to the nearest millimeter using a wall-mounted stadiometer. Body mass index was then calculated (BMI weight [kg]/height 2 ·[m 2 ]). Measurements of the waist circumference (which was measured during the mid-inspiratory phase, midway between the xyphoid and the umbilicus); hip measurements were taken at the maximum circumference of the hip area; and abdomen (which was measured at the mid-inspiratory phase, at the level of the umbilical scare). Measurements taken using non-flexible measuring tapes with a tension were also taken in order to determine waist/ hip and abdomen/hip indexes. We then used a Lange brand caliper (Cambridge, Maryland, USA), to measure skin-folds (tricipital, sub-scapular and supra-iliac) in millimeters. These values were used to determine tricipital/ sub-scapular and sub-scapular/supra-iliac indexes of each girl. In order to avoid intra-person variability, all the anthropometrical measures were made by one researcher (MRHF).
General Information
Using the date of the interview and the date of birthday, we calculated the volunteers' age in years; we also asked questions about the number of years in school and the socio-economic level, which was determined by the place of residence, the girl's parent's occupation and their schooling levels, and family income. Our clinical evaluation included the following four sections: 1) Physical Exercise and Life-Style: We asked questions related with the type, time in months, days/week, and number of minutes practicing physical activity. We also asked questions concerning the use of tobacco, alcohol beverages, or drugs that have effects at the Nervous System level.
2) Medical History:
We assessed mental or physical impairment that could possibly affect responses to our questionnaire. Additionally, we inquired about chronic or endocrine disease that could limit growth and/or sexual development.
3) Sexual Development: All the girls were evaluated from 8 to 12 AM, and during the interviews, girls were asked about the age at which they experienced their first menstruation. Based on the assumption that women reporting age at menarche from recall tend to report the age at the last birthday preceding menarche, 0.5 years was added to the reported age [8] [10] to obtain an adjusted age at menarche. The same procedure of recall was used to asked the adolescent girls' mothers and sisters age at menarche. The ages at telarche and pubarche were determined asking about the age at which they experienced their breast development and pubic hair growth using drawings showing the stages of breast development and pubic hair growth of Tanner [5] .
4) Psychological Stress: To assess stress, we gave subjects the Cohen Global Scale for Stress Perception [12] , which included 26 items. This questionnaire was previously validated in a sample of 20 girls, by asking them whether or not they have recently experienced stressful events, and using their feedback to adjust the questions. In order to understand how the girls perceived stress, we used the Liker scale, in which subjects rated their responses in one of the following ways: totally agree, agree, indifferent, disagree and totally disagree. We rated these categories from 1 to 5 points, with lower point values corresponding to less stressful experiences, and higher values corresponding to more stressful experiences. We assessed subjects' history of acute and chronic stress according to the 3 rd revised edition of the Diagnostic Statistical Manual (DSM-III-R) [13] , which classifies acute and chronic stress in 6 groups, based on past and present situation in the girls' lives. Classifications ranged from a score of 0, corresponding to an absence of stress to a score of 5, representing catastrophic stress.
Statistical Analysis
The ages at menarche, telarche and pubarche were calculated by a status quo procedure. Within each age group, we found the proportion of girls who had already presented each of the above events. We then plotted these percentages as a function of age, which can be seen in Figures 1-3 . Using a logistic regression, we interpolated the median ages at menarche, telarche and pubarche, based on the point in the regression line at which 50% of the girls and adolescents had presented the event. Because of this method, the calculated medians for the ages at menarche, pubarche and telarche were not simply based on estimations of the mean values obtained from the girls and teenagers who participated in our study. The logistic regression was calculated using a maximum probability procedure with a logistic model. The "Equation (1)" used was: Figure 1 . Demonstrate a clear reduction in the age at menarche of girls and adolescents from Leon, Guanajuato Mexico (Center of Mexico), when we compare our results (11.9 ± 0.04) for 971 girls and adolescents with that reported in 1985 (12.8 ± 1.3) for 1500 subjects evaluated in the same city using in both studies the status quo procedure [15] . 
where p is the probability for a given age at menarche, pubarche or telarche, x is age, a is the median age at menarche, pubarche or telarche (based on the equation) and b is related to the inflection of those curves. In this study, we considered important factors known to be involved with the age of the onset of puberty and incorporated them into our statistical analyses. Specifically, we considered the ages at menarche of mothers and sisters, the anthropometrical variables (weight, height, waist, hip and abdomen circumferences), BMI, skin-folds (tricipital, sub-scapular and supra-iliac), and socio-economic variables as regressors, with the age at menarche of the subject as the dependent variable, using a forward step-wise multiple regression analysis. In order to understand the relationship of other possible predictors to the actual age of the onset of puberty, we also used a logistic regression analysis using lifestyle variables (physical exercise, tobacco, alcohol beverages, or drugs that have effects at the Nervous System level) and the total scores of the degree of stress as regressors and the age at menarche as the dependent variable. All analyses were performed with STATISTICA, Stat-Soft, Inc, Tulsa OK, and the threshold for significance was standardized at p = 0.05.
Results
Study Sample General Characteristics
General data from the studied sample group is shown in Table 1 . The mean age and years of schooling of the subjects who participated in our trial were: 12.35 ± 2.13 years (X ± SD) and 6.51 ± 1.95 years, respectively. Sixty-seven girls (6.9%) came from a low socio-economical background, 467 (48.1%) came from the middle class and 430 (44.3%) were from a high socio-economical background. Mean age of the parents were 40 ± 7.2 years for the father and 37.7 ± 6.3 years for the mother. The number of children per family was 4.6 ± 2.3. Ninety six percent of all girls had experienced some infectious disease (mostly diarrhea and amygdalitis), but these did not affect the nutritional state or sexual development of the girls.
Ages at Menarche, Pubarche and Telarche
Median ages for menarche, pubarche and telarche in our studied sample determined by a status quo procedure were: 11.9 ± 0.04; 11.13 ± 1.25 and 10.84 ± 1.34 years, respectively (Figures 1-3) . In Table 2 , we show the distribution of subjects grouped by age that had experienced the onset of menarche.
Physical Exercise and Lifestyle
Seven hundred and twenty-one girls (74.2%) practiced regular exercise. The other 22.4% of the girls did not practice any exercise at all. Eighty-five girls (8.7%) occasionally drank alcohol, 69 (7.1%) had a history of smoking; and three (0.3%) had taken illegal drugs at some point of their life.
Factors Associated with the Age at Menarche
By using a simple regression analysis, we observed that the age at menarche of mothers and sisters was directly related to the age at menarche of the subjects. However it appears that there is a stronger correlation between the age at menarche in sisters than there is between mothers and their daughters, with values of r = 0.3, p < 0.001 and r = 0.5, p < 0.001, respectively. Using a forward step-wise multiple regression analysis, we also observed that the following variables are correlated to the age at menarche of the subjects: the age at menarche of the sister(s) (p < 0.001), the subjects' years of schooling level (p < 0.001), the waist circumference (p = 0.001), the abdomen circumference (p = 0.03), and the hip circumference (p = 0.004) ( Table 3) . The number of girls who had menarche appears in the columns, and grouped according to age groups, demonstrating that the higher number of girls whose presented menarche was among those who had 11 and 12 years old. Show that the age at menarche of sisters', and the volunteers' waist circumference had a positive correlation with their age at menarche. However, their hip and abdomen circumferences showed a negative relationship.
Results from the Logistic Regression Analysis
Predictors found to be correlated with the onset of menarche of subjects were: the history of smoking (B0 = 1.02, t = 2.18, p = 0.02), alcohol consumption (B0 = 1.28, t = 3.3, p < 0.001), and variations of individual weight of each subject over the preceding three months (B0 = 0.38, t = 2.44, p = 0.01). Additionally, high levels of stress in the subjects and a small waist/hip index were also predictors of the age at menarche. The practice of regular exercise and the use of illegal drugs (different than tobacco and alcohol) did not have any significant relationship with the age at menarche.
Discussion
A secular change in the development of children is one in which the developmental pattern changes progressively as a function of time in a given population. Such changes generally include the increase or decrease in age when at a given height, weight, or when a particular characteristic of maturity occurs. Additional examples include a change in the velocity of growth over a given increment of time, early maturation, or early cessation of linear growth.
The results of this study show a clear secular tendency toward an early onset of menarche in a representative sample of girls and adolescents from the urban area of the city of Leon, Guanajuato in central Mexico. In our study, we found that the median age at menarche was 11.9 ± 0.04 years, which is significantly earlier than the age reported by Malina et al., in residents of a rural Zapoteco-speaking community in Oaxaca, Mexico [14] . In his study, Malina et al. demonstrated that the median ages at menarche of adolescents from Oaxaca were 14.8 ± 1.2 years in 1978 and 13.0 ± 1.0 years in 2000. These investigators also demonstrate that age at menarche has declined by 1.8 years over about 23 years, 0.78 years/decade (95% CI = 0.65 -0.91 year/decade). Our results demonstrate a clear reduction in the age at menarche of girls and adolescents from Leon, Guanajuato Mexico, when we compare our results (11.9 ± 0.04) with that reported in 1985 (12.8 ± 1.3) with a sample of 1500 girls and adolescents evaluated in the same city [15] . Looking at our results in conjunction with that previously reported in Leon, Guanajuato, Mexico, we observe a reduction of about 0.75 year/decade, which is consistent with that of Malina et al. [14] , but higher than that reported by Tanner in 1962 [5] . Conversely, our findings are distinctly different than those reported in developed countries, such as the United States, England and Japan regarding the age at menarche. Specifically, trials performed in American [16] and British [17] girls and adolescents show that the age at menarche has changed very little in the past 30 years (approximately 0.4 years), which is not a significant difference. Based on these findings, we no longer consider that there is a secular tendency in these countries. Nevertheless, countries such as India [7] , Iran, Hungary, Spain, the Dominican Republic and Guatemala still report a secular tendency towards an early age at menarche [18] .
We suggest several reasons that may account for the differences seen between these two groups of countries. First, in the studies conducted in developing countries around the world, the data collection regarding the age at menarche among the studies was not standardized (no representative sample sizes, different methods for statistical analysis and reporting (median and mean values), prospective and retrospective methods of data collection and different age groups of the subjects studied) [18] - [20] . Also, the observed differences may be due to genetic factors, specific to the area in which the study was conducted, as evidenced by the high proportion of mothers and sisters that had highly correlated age of presentation of menarche, as we demonstrated in this study. Local customs can also affect nutrition of a population of individuals, which can subsequently affect anthropometrical characteristics and body composition [19] - [26] . Additionally, socioeconomic factors and environmental pollutants may contribute to the secular tendency in the age at menarche seen in these countries [27] . In this study, our findings demonstrated a secular tendency of the age at menarche, as did Malina and other investigators in developing countries [28] . Among the factors that we analyzed, genetic factors were most commonly related to an early age at menarche, exemplified by the close correlation of the subjects' age at menarche and that of their mothers and sisters. In this study, the results of logistic analysis, demonstrated that predictors found to be associated with the onset of menarche of subjects were: the history of smoking, alcohol consumption, and the variations of weight over the preceding three months. Also, high levels of stress and a small waist/hip index were predictors of the age at menarche. The practice of physical exercise and the use of illegal drugs (different than tobacco and alcohol) did not have any significant relationship with the age at menarche; the practice of physical exercise, probably because it is not of sufficient intensity to produce delayed of sexual development, and the use of various drugs different that alcohol or tobacco, likely because the number of girls who use them is not very high (0.3%) [29] .
Finally, we suggest the following hypothesis to explain the secular trend in the early onset at age at menarche for girls of Leon, Guanajuato, Mexico: 1) Worldwide, Mexico occupies one of the first places in child obesity [30] [31]; because in the last decades the lifestyle of children is changing to a more sedentary lifestyle, resulting in an increase in the percentage of body fat [22] , in the body fat the androgens are aromatized to estrogen, increasing the estrogens serum levels, which produced early sexual maturity [32] ; 2) in modern Mexican families, the mother's family is involved in the workforce and there is not time to prepare healthy food, so the intake of fast foods with high content in calories is very common, which in turn leads to the children gain weight and increases in body fat necessary to begin the sexual maturation [30] [31]; 3) probably the intake of meat contaminated with anabolics, have systemic effects in children producing clinical manifestation such as acne, increased body fat, aggressive behavior, and advance in sexual maturity, among others; 4) the exposition to the environmental endocrine disruptors have effects on children with idiopathic precocious puberty [33] . All mentioned hypothesis should be tested and study them carefully to ascertain the causes of the reduction in the age of onset of menarche and sexual maturation of Mexican girls.
Conclusion
In conclusion, in this study we proved that in a population of Mexican girls, there is a clear secular tendency toward a lower age at menarche. This finding has important implications for policy and health officials because of the social implications of this age reduction. Specifically, when governments and institutions aim educational efforts at pre-pubertal girls, they must clearly establish the age at which they initiate the programs. Based on the results of this study, which demonstrate a lower age at menarche than in previous generations, health organizations and agencies must acknowledge that girls may not have finished their elementary education before the onset of menarche. For this reason, it is important that institutions make information regarding sexual and reproductive health accessible to a younger audience. Finally, it is important that researchers continue to monitor the secular tendency in a representative Mexican population in order to assess whether the age at menarche continues to decline, or to identify the time when it reaches a steady state, as it has in the United States and England.
